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ABSTRACT 
In this paper we present our approach to the evaluation of 
multimodal applications by using participatory design workshops. 
Our goal is to obtain user feedback for our design on a 
fundamental, conceptual level. We propose in this paper the use of 
design ideas coming from the users, not only by translating them 
one-to-one into design but also by analyzing them in order to 
reflect on the design concepts behind the artifacts being 
constructed. By providing examples of workshops conducted, we 
show a methodology that helps in exploring the design space and 
that has the potential of producing more interesting jumps inside 
the design space, towards more a satisfying user experience.   

Categories and Subject Descriptors 
H.5.1 [Information interfaces and presentation (e.g., HCI)]: 
Multimedia Information Systems – Evaluation/methodology. 

General Terms 
Design, Human Factors 

Keywords 
Evaluation, Multimodal Interaction, Prototyping, User Centered 
Design, Participatory Design. 

1. INTRODUCTION 
Designing new multimodal forms of interaction for computing 
systems poses specific design challenges. While in computing 
systems using standard forms of interaction the design space or 
the space containing all possible design solutions [5] is 
constrained by a pre-defined set of modalities, in multimodal 
applications the choice and configuration of interaction modalities 
are not given as parameters but are considered part of the design 
process and thus define the design space. This new design space 
presents a higher level of complexity to deal with. 
The OpenInterface project aims at supporting in designing 
complex multimodal applications by developing a software 

framework for the rapid prototyping of multimodal applications 
for both mobile and stationary applications. The OpenInterface 
Framework is a component-based platform where all input and 
output modalities are wrapped as components. Components are 
also used to manage fusion and fission of modalities. An 
underlying kernel enables the system to support components 
written in different programming languages, allowing existing 
software components to be easily integrated into new multimodal 
applications [7]. 
To drive the development of the framework, the OpenInterface 
project uses multimodal gaming as application domain. By 
designing a multimodal game using the platform, the project 
produces feedback to inform the development process of the 
platform. The design space is, in this way, explored by the 
iterative design of a set of test bed applications that work as 
experience prototypes [1] used to explore multimodal interaction 
techniques.  Our role in the process is to conduct user studies to 
inform the iterative test bed design process. Such evaluations 
proved to be a difficult task for a number of reasons: 
• Test beds had a rather sketchy, incomplete character. Some 

served as prototypes for technological explorations and lacked 
a global concept. Others investigated global approaches but 
were only partially implemented. In both cases, in evaluations 
users were always confronted with an incomplete gaming 
experience. 

• Interaction components were at different stages of 
development. Each of our test beds offered a number of 
interaction techniques to the users. Some of the interaction 
components were mature while others were at early stages of 
development and presented usability issues, complicating the 
production of meaningful comparison results. 

• Our process demanded quick results. Once the development of 
a test bed was completed, developers were eagerly awaiting 
feedback from the user studies to continue with their work. 
This made conducting longitudinal or other costly studies very 
difficult. 

• Even though the test beds were sketchy and incomplete, 
evaluations were expected to provide clear directions to guide 
the design process. Component developers asked concrete 
questions, such as “Should I continue to work on that idea?”, 
“Should I stick with this modality or focus on another?” 

In the words of Buxton, our task here was ‘Getting the Right 
Design’ instead of ‘Getting the Design Right’ [3]. With this 
mission in mind, we prepared a series of design workshops with 
the goal of collecting design ideas coming from the users to 
reflect on the test beds. 
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2. METHODOLOGY 
Inspired by the work of Gaver [2] and his call for open approaches 
in design and evaluation, instead of using hypothesis testing based 
methods, we took the idea of provoking inspirational responses 
[2]. As [8] has shown, by analyzing the outcomes of an evaluation 
of paper prototypes and sketches made by users, open approaches 
can help both to generate new ideas and to provide a rich 
reflection on the designs being evaluated. Also, they allow finding 
and answering questions that the researcher might not have been 
thinking of. 
Consequently with the open approach chosen, we organized a 
participatory design workshop, which was joined by three users 
from different backgrounds, a technical facilitator familiar with 
the whole framework and a moderator who introduced the 
scenario to the users. This specific group setup was chosen 
because it could bring together the perspectives from different 
users and yet it was small enough so that every participant could 
play an active role. 
In the role-playing game, the workshop participants were 
supposed to picture themselves working in the creative design 
department of a game company and having to turn the application 
coming from their research labs into a commercial, multimodal 
game concept. Their company wanted to take advantage of the 
results of the research labs as far as possible to save resources but 
was also aware of the fact that additional effort might be required.  
Our rationale for this scenario was to make the users aware of the 
sketchy character of the test beds and to help them bridge already 
known usability problems. Here, the users’ role was not to 
perform certain tasks, but to build experience and understand the 
technology in the role of experts. The users were given complete 
freedom to move as far away from the original test beds as 
desired. 
In the first half of the workshop, the users were invited to try out 
the test beds using the available interaction techniques. They 
should try to express and capture their experiences and based on 
this understanding, brainstorm to generate ideas around how the 
game design should be changed and evolved. They were told to 
avoid undermining critical or judgmental comments about the 
ideas, as in this stage of the design process there were no such 
things as ‘bad ideas’. The test beds served as triggering artifacts 
[4] for sparking creative ideas and helped to uncover new aspects 
relevant to the design process, and provided hints on constrains 
and potentials. 
In the second half of the workshop, the participants were required 
to categorize, organize and focus their ideas, and to produce and 
present a design concept. The whole workshop was scheduled to 
last 60 minutes and users were advised to finish in the designated 
time. The users were provided with enough supporting materials, 
such as post-it notes, paper and pens to be able to sketch ideas and 
thoughts. They also had the test bed applications and hardware 
devices to help them in illustrating their concepts. The whole 
session was recorded on video and all sketches and written ideas 
were stored as a register for a thorough analysis. Later, we 
analyzed all user-generated feedback and compared it to the 
existing design to reflect on our own design decisions. 

3. APPLYING THE METHODOLOGY 
3.1 Test Beds 
Our initial work in the project focused on capturing feedback from 
the users early in the design process. For this we used 

SpeedyCopter, a simple game for kids developed by Arcadia 
Design, one of the partners in the project.  
In SpeedyCopter, players steer a virtual helicopter in a 3D city 
environment, trying to collect boxes placed on the playground 
while avoiding crashes with the surrounding buildings. The 
helicopter can be moved in varying speeds in 4 directions.  
Using the OpenInterface platform, we integrated components to 
control the helicopter using mouse, keyboard, speech recognition 
and an augmented reality toolkit called ARToolKit, which 
analyses video feeds and translates the relative position between 
the camera and a paper marker into movements that control the 
speed and direction of the helicopter. The helicopter can also be 
controlled by using a SHAKE sensor pack [6], a little box that 
includes a set of motion sensors and vibrators to provide feedback 
on collisions. 
A mobile game test bed was further built, consisting of a virtual 
character that explores a 3D world where different objects can be 
found hidden in chests lying around in the playing field. When the 
character is close enough to a chest, the user can select the chest 
and explore the items enclosed on it. If desired, the items can be 
examined and rotated. The game ran on a mobile phone connected 
via Bluetooth to the OpenInterface platform running on a laptop.  
Both the SpeedyCopter and the mobile game were to be evaluated 
as part of the project tasks. As each test bed provided rather 
different experiences, we decided to test both of them with users 
in a single workshop. We performed two evaluations with two 
different groups of three participants each. In the next section, a 
thick description of the workshops is provided. 

3.2 Evaluation 
3.2.1 1st Group 
The first user group consisted of a psychologist (female, age 35), 
a computer scientist (male, age 37) and a computer science 
student (female, age 30). The three knew each other but did not 
work together on a regular basis.  
In the first, explorative phase of the workshop, users became 
acquainted with the options of multimodal interaction in a playful 
way by using the provided games. Initially, the user group 
approached the equipment (ARToolkit, mobile test bed and 
SHAKE) in a cautious manner. The vibration feedback caused 
smiles that encouraged users to try the game. Afterwards the users 
tried a mouse and the ARToolkit to control SpeedyCopter. A user 
pointed out that she was very familiar with the Nintendo Wii and 
that her ideas were influenced by it, as she had played and 
enjoyed similar games before. 
After playing with SpeedyCopter, the mobile test bed was 
presented to the users. They were invited to control the virtual 
character using speech recognition, SHAKE and the ARToolkit. 
The character control was rather sensitive and the users had 
problems in giving commands leading to coherent responses from 
the game. They expressed that they were not able to have a 
pleasant interaction with the game, as controlling the game 
character was too difficult. For that reason, the game had to be 
restarted by the technical facilitator. Despite the usability barriers, 
one user mentioned that the “idea” of the test bed became clear 
anyways. 
In a second, conceptual phase of the workshop, the users were 
asked to develop their own design concepts. The group decided 
that each of them should write down some ideas on their own and 



afterwards they presented the ideas to each other and discussed 
them. 
One user explained that she likes the group tasks for both 
competition and collaboration such as building houses, playing 
pick-up sticks or tug-of-war. She pointed out, that she prefers to 
perform moves and to follow a given rhythm, in a fashion that she 
already knew from the Nintendo Wii. For voice recognition, she 
suggested games for learning vocabulary and pronunciation. She 
argued that the users should not be confined to interact only with 
pre-defined words (e.g. "left" or "right" as it is the case by the 
mobile test bed), and that they could use instead whole sentences 
to perform actions.  
The second user suggested that the SHAKE could be attached to 
the feet of the player and the third user added that the sensor pack 
could be integrated in the sole of a shoe and provide vibratory 
feedback. Dancing and learning were proposed as suitable 
activities leveraging this kind of feedback. The integration of 
mobile games with large displays on train stations was also 
suggested, so that waiting passengers could be able to play games 
together using their mobile devices.  
Another design suggestion was that feedback should also be 
auditory and related to tangible interfaces e.g. the SHAKE box 
says “ouch” when being thrown and that in this way the 
interaction device itself could become a thing of interest. One user 
suggested integrating sensors in cuddle toys.  
After the discussion, the group was told to focus on one idea only. 
They voted for their preferred concepts and then decided from the 
top 3 on the concept of their choice. Their final concept was to use 
5 SHAKE boxes attached to the player’s clothes. One on each 
limb and a further one attached to a baseball cap. Equipped in this 
way the player could learn how to dance. Different moves to be 
imitated could be presented to the player on a mobile device. The 
group proposed two modes for vibratory feedback. In proactive 
mode the user gets to know which part of the body he should 
move by vibration feedback, in reactive mode vibration signals an 
incorrect move [Figure 1]. 

 
Figure 1: Concept sketches 

 

3.2.2 2nd Group 
The second team consisted of a graphic designer (male, 30), a 
computer scientist (female, 25) and an information scientist (male, 
29). They were also introduced to the selected scenario. The team 

tried the mobile application first, attempting to navigate the virtual 
character using voice commands. After playing with the mobile 
application, the team played the SpeedyCopter application. The 
SHAKE was the first interaction device they used to control the 
helicopter. The vibration feedback also caused smiles. A user said 
that this was an “unusual” form of interaction that provided a lot 
of fun. After introducing a mouse and the ARToolkit, all users 
were simultaneously in control of the helicopter. This caused the 
helicopter to crash but was a lot of fun for the users. After the 
crash, they discussed problems and how they could possibly 
divide the different interactions between the available devices, so 
that one gets the responsibility for speed, the other one for 
heading up and down, etc.  
The first concept suggested by the team was to attach the SHAKE 
to a toy helicopter, so that steering the virtual helicopter becomes 
more fun by the connection with the real helicopter. They 
suggested having some kind of decision-making mechanism in the 
software giving one player priority over the others. One user 
suggested that she would prefer to move her body or arms and not 
a device. This led to the idea of having a mini SHAKE attached to 
a ring on a finger. A user suggested using two SHAKE devices at 
the same time, to zoom by moving both hands away from each 
other or to turn by moving one hand forward and one backward. 
He said that this kind of turning could also be a command to be 
followed by another player, to be a “remote control” for people. 
They suggested playing skills games where for example the user 
has to move a ball on a board. Another user suggested putting 
sensors into a skateboard and checking his movements. Another 
idea was that users could send messages to other users by moving 
their arm towards them and that the acceleration could define the 
power of the message. Another idea included integrating the 
movement sensor into a football and enabling the player to 
influence the direction of the ball by using different forms of 
interaction. They also mentioned that such interaction is probably 
good for dancing and suggested generating music by sensing the 
movements of the players. 
The group was told to focus on a concrete product concept and to 
analyze their ideas. They said they prefer movement detections to 
be used in various applications to affect the environment. When 
asked how this could be made a part of a game, they suggested 
concentrating on social interactions among players with these 
devices so that they could send each other messages and in this 
way build a physical social network. 

3.3 Results 
Following the workshop, we analyzed the design proposals 
coming from the users, looking for patterns and surprising facts. 
We learned that the mapping of the data coming from the 
accelerometers and the web camera was too linear. We mapped 
key events, yet the users expected a deeper and more intricate 
connection between input data and feedback from the application. 
In our designs, we designed all the events to be alternatives for 
keyboard interaction. Moving the character right or left, for 
instance, was an event designed for the mobile keypad joystick. 
By using SHAKE and the ARToolkit we mapped the movement 
data coming from these input devices directly to the events. As the 
input devices were quite sensitive, they only required small 
movements. We also used speech recognition as another way of 
pressing a confirmation button. In contrast, in the design 
proposals of the participants we found much more complex 
mechanisms of translation between the input coming from the 



user and the results seen on screen. The participants took the input 
devices in their hands, stood up and made gestures. They wanted 
to be understood by the game.  
We also were able to see how deeply the users integrated the 
interaction devices in their proposed game concepts, as interesting 
objects and not, as in our designs, as mere sensors. In both 
workshops the participants came up with the idea of integrating 
SHAKE into objects such as toys. In doing so, the input device is 
much more than an input device. It becomes an integral part of the 
game. Our participants developed ideas in which the SHAKE 
served both as an input and as an output device. It moreover 
became a digital pet that can evoke emotional and cognitive 
responses, at least more than what a simple black matchbox can 
do. In their examples, the interaction device also had an attractive 
physical form factor, using the natural semantics of the artifact to 
support the understanding of multimodal interaction. 
In the designs of the participants, feedback played an important 
role not only as a response for actions, but also as a relevant 
mechanism to provoke actions. The current possibilities for 
feedback in OpenInterface are very limited and need to be 
extended.  
Finally, we were surprised by the wide gap between the design 
concepts created by the participants in the workshops and our test 
bed designs. With the limited number of workshops and test beds, 
it is difficult to reach a conclusion on possible causes, but for 
future research we want to monitor this gap as it could serve as an 
indicator for evaluating design proposals.  

3.4 Design Impact 
Discussing the results of the workshops within the project 
consortium triggered a number of activities in the preparation of 
the upcoming versions of the test beds. Results also helped to 
define priorities in the development process. 
Answering the demand for more complex input mechanisms with 
accelerometers, a gesture recognition component will become part 
of the next test bed. This component allows recording and 
detecting gestures, making it possible for the user to define 
gestures. This component will be compatible also with a 
component already being developed, which supports interaction 
with a data glove, a glove that captures hand gestures and sends 
them as electric signals to the computer. A further component is 
being developed to provide auditory feedback to the users. 
It was also decided to make the physical form factor of input 
devices part of our design process. A project partner is already 
doing research in that direction and is willing to bring the 
expertise of physical prototyping into the project. 
As a result of the ongoing dialogue, we were able to reflect on our 
general approach to multimodal interaction and the impact of the 
component-based architecture on our understanding of 
multimodal interaction design. We took a closer look at the role 
that interaction plays in the overall design. The user workshops 
revealed a much more entangled role of interaction than the one 
our component-based framework appears to suggest. We are 

consequently reviewing our design process to support a more 
collaborative integration of components. 

4. CONCLUSION & FUTURE WORK 
In this paper, we showed how we used participatory design 
workshops to evaluate multimodal games, reflecting on our 
designs by ways of analyzing design proposals coming from the 
users. Our goal was not to directly translate these proposals into 
our next design. Instead, we wanted to gain an insight on the 
aspects that our design was missing and on further elements that 
inspired the users to build their own design ideas.  
Our focus was not set on showing general guidelines for the 
construction of multimodal interaction. Our goal was instead, to 
show the methods that we are using to obtain meaningful 
feedback for the design process we are currently working on. The 
central issue is how to give deeper working hints to the design in 
early stages of the process. The workshop results sparked a 
number of activities and motivated changes in the direction of the 
project. At relatively low costs and despite the early stage of 
development of the test beds, the study quickly provided a rich 
account of meaningful results for our next jump inside the design 
space. Future evaluations will provide feedback on the directions 
taken. For the moment we can only say that the workshops 
uncovered a refreshing perspective on our work.  
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